assay measures cholesterol associated with IDL and LDL but not with Lp(a) particles. The significant negative bias observed may be attributed to suboptimal assay calibration. After readjusting the calibration, we found a close relationship between LDL-C Plus and LDL BQ values, and LDL-C Plus became a reliable alternative to beta-quantification and a better approach for LDL-C measurement than the Friedewald formula.
Effect of Specimen Anticoagulant and Storage on
. After ethanol intake, FAEEs are found mainly in the liver, pancreas, heart, and brain, which are the major organs adversely affected by ethanol intake (4, 5 ) . FAEEs are detectable in the blood for up to 24 h after consumption of ethanol to at least 600 mg/L (6 -8 ) , making the presence of FAEEs in blood a useful marker for ethanol intake. This investigation presents the results of studies on the effects of collection tube, storage time, and storage temperature on FAEE concentrations in blood, with the goal of creating a reliable clinical assay for serum and plasma FAEE quantification.
Four volunteers participated in this study. Each subject was given a weight-adjusted amount of 100-proof vodka mixed with fruit juice in a 1:3 ratio (8 ). The vodka-juice beverage was divided into nine equal aliquots, which were administered every 10 min over a 90-min time period. After the last aliquot was drunk, blood samples were collected in four different 5-mL Vacutainer Tubes from each subject to assess the influence of the collection tube on the blood FAEE concentration. The tubes included a red-top tube with no anticoagulant, a purple-top tube with 150 g/L EDTA, a green-top tube with 72 USP units of heparin, and a blue-top tube with 32 g/L sodium citrate. The tubes were kept on ice and processed within 30 min. FAEEs were then isolated and quantified as described below. To study the effect of storage time and temperature on FAEE concentrations in whole blood, 40 mL of blood was collected from each of the same four subjects in red-top vacuum tubes (no anticoagulant). The 40 mL of blood was divided into two equal aliquots that were incubated at 25 and 37°C for 0, 2, 4, 6, 24, and 48 h. FAEEs were then isolated from the samples. To accomplish this, serum or plasma was first separated from the blood cells by centrifugation at 3420g at 4°C for 20 min. FAEEs were then isolated using an acetone-hexane (2:8 by volume) extraction followed by solid-phase extraction (9 ), and measured using gas chromatography-mass spectrometry as described previously (10 ) . The within-assay CV for the entire method was 17%. The CVs for the individual stages were as follows: FAEE isolation via liquid extraction, ϳ13%; solid-phase extraction, ϳ9.7%; and quantification by gas chromatography-mass spectrometry, ϳ2.2%.
The effect of the collection tube on the amounts of FAEE in plasma or serum is shown in Table 1 . For the four volunteers, the mean concentrations of FAEE in the sodium citrate tube, the heparin tube, and the anticoagulant-free tube were similar. However, the EDTA vacuum tube showed a lower FAEE concentration than the others. We speculate that the extensive chelation of calcium by EDTA contributed to this observation in some way. The mean FAEE concentrations in plasma in the sodium citrate and heparin tubes, and in serum in the anticoagulant-free tubes, were more than twice the mean plasma FAEE concentration in the EDTA tubes. The variability was least for sodium citrate tubes. This higher precision suggests the use of 32 g/L sodium citrate as the preferred anticoagulant.
Storage time and temperature also affected FAEE concentrations in serum. The FAEE concentration increased over time when incubated as whole blood at 25 and 37°C. As shown in Fig. 1 , there was a rapid increase in FAEE concentrations at 37°C from 2273 Ϯ 507 nmol/L (mean Ϯ SE) at time 0 to 4826 Ϯ 245 nmol/L (mean Ϯ SE) 48 h after blood collection. At 25°C, there was no change in the FAEE concentration after up to 4 h of incubation: 1712 Ϯ 385 nmol/L at time 0 and 1766 Ϯ 486 nmol/L at 4 h (mean Ϯ SE for both). However, there was an increase to 4750 Ϯ 875 nmol/L (mean Ϯ SE) with storage at 25°C for 48 h. There was less variability, in general, for the samples stored at 37°C, but this higher precision is not likely to have a biological basis.
The in vitro formation of FAEEs, which is fastest at 37°C, is most likely the result of enzyme-mediated FAEE synthesis using the residual ethanol in the specimen collection tubes. Ethanol remains in the blood for up to 6 h. White bloods cells, platelets, and to a lesser extent, red blood cells, have been shown to have FAEE synthase activity (11 ) . A previously published study from our laboratory with plasma and serum samples from individuals in a clinical trial involving ethanol ingestion showed no changes in FAEE concentration after 2 days of storage at Ϫ4 or Ϫ80°C (12 ) . Taken together, the results of the current storage experiments and our previously reported findings indicate a need for removal of the plasma or serum from the cells within 4 h at room temperature, with freezing of plasma or serum at Ϫ4°C or Ϫ80°C if longer periods of time are required before analysis of the specimen. In addition, samples should not be collected for FAEE analysis in EDTA-containing vacuum tubes.
